Introduction
Diabetes mellitus is a metabolic disorder that occurs due to lack of insulin, resistance to the action of insulin in peripheral tissues or a combination of both. The hallmark of diabetes mellitus is elevated plasma glucose which is related to the development of long term complications. Optimal blood glucose control is essential to reduce complications and insulin and other antidiabetic drugs are prescribed to achieve this treatment goal. Despite many new additions over the years, insulin, metformin and the sulfonylureas remain the most widely used antidiabetic medications. Many drug classes targeting different aspects of glucose absorption and metabolism have been developed over the last few decades and have become important when target blood glucose control is not achieved with the older and relatively cheaper antidiabetic medications. The increasing availability of a wide variety of drugs gives a wide choice to clinicians when selecting an appropriate drug for individual patients. This article reviews some of the recent additions to the antidiabetic medicines, their modes of action and indications and limitations for use.
Insulins and Insulin analogues
The discovery of insulin, almost a century ago, is considered one of the most dramatic and important medical milestones which revolutionized the management of both type 1 and type 2 diabetes mellitus. While insulins are essential for those with type 1 diabetes mellitus, they are increasingly being used to achieve good glycaemic control in those with type 2 diabetes mellitus. Insulin replacement consists of prandial (bolus) insulin, basal insulin and a correction-dose insulin supplement. The last is given to address pre-meal or between-meal hyperglycemia, independently of the prandial insulin [1] .
The pharmacokinetic (PK) and pharmacodynamic (PD) features of standard insulins frequently lead to hypoglycemia as glycosylated hemoglobin (HbA1c) values approach the normal range. This resulted in the development of insulin formulations that more closely mimic basal and mealtime (prandial) endogenous insulin secretion. These recombinant human insulin analogues have action profiles that allow for more flexible treatment regimens with a lower risk of hypoglycaemia and target to replace prandial and basal components of insulin secretions independently.
There are two groups of recombinant human insulin analogues. 1. Rapid-acting recombinant insulin analogues -e.g. insulin aspart, insulin glulisine, and insulin lispro. These are effective in managing postprandial hyperglycaemia. 2. Long acting analogues with slower onset of action which lasts for long periods, e.g. insulin detemir, insulin glargine, and insulin degludec. These provide the basal insulin requirements.
Rapid acting recombinant human insulin analogues e.g. insulin lispro, insulin aspart, insulin glulisine
The molecular structures of insulin lispro, insulin aspart and insulin glulisine, differ only slightly from human insulin, with two amino acid changes for insulin lispro and insulin glulisine and one for insulin aspart [2, 3] . This allows them to be absorbed more quickly than unmodified (regular/soluble) human insulin [2] .
The rapid acting insulin analogues have a PK profile similar to that of meal time insulin secretion and allows for better control of post meal blood glucose surges [2, 3] . Compared to soluble/regular insulin (onset of action 30-60 minutes, duration of action 8-10 hours), the rapid-acting insulin analogues have a faster onset (5-15 minutes) and shorter duration (4-6 hours) of action [2] . This is due to their capacity to dissociate quickly into dimers or monomers in subcutaneous tissue which in turn, diffuse rapidly into circulation [3] . The PD profile of the rapid-acting insulin analogues is also more similar to the physiological effect of endogenous insulin than subcutaneous soluble (regular) insulin and causes smaller postprandial blood glucose rises [3] . Thus, it is recommended that rapid acting insulin analogues be administered shortly before or immediately after meals [2, 3] .
Injection of these rapidly acting analogues results in twice the maximal concentration, in half the time (30-90 minutes) equivalent doses of soluble (regular) insulin (2-3 hours) [3, 4, 5, 6, 7] . This results in better control of postprandial blood-glucose concentration and less frequent occurrence of post prandial hypoglycaemia compared to soluble insulin. A better control of postprandial hyperglycaemia will result in more patients achieving target HbA1c, which will result in a reduction of vascular complications [2] . Compared with regular/soluble insulin, the use of rapid acting analogues is also associated with less snacking as the risk of postprandial hypoglycaemia is less [3] . This results in a less caloric intake which would also be beneficial.
Although the site of subcutaneous injections has an influence on the PK of rapid acting insulin analogues, this does not affect the overall blood glucose lowering effect [3] . Subcutaneous injection of insulin analogues would also be convenient for those who wish to inject shortly before, or shortly after a meal. This would improve compliance as it allows for greater flexibility of meal times in relation to an active lifestyle. Both insulin aspart and insulin lispro can be administered intravenously and can be used as alternatives to soluble insulin for diabetic emergencies and at the time of surgery [8] .
There is considerable patient to patient variation in the duration of action of a particular type of insulin and this needs to be assessed individually during use [8] . This variability is less with short acting insulin analogues [3] . All three currently marketed short acting analogues are equally efficacious and safe and the glycaemic control achieved is comparable to that provided by soluble insulin when the same basal insulin is used [3] . They can all be administered easily with insulin pens and make control of prandial glucose easier, especially in those with erratic meal times.
Long acting recombinant human insulin analogues e.g. Insulin glargine, insulin detemir and insulin degludec
Insulin glargine is produced by substitution of amino acids of the original insulin molecule which leads to a shift in the isoelectric point to a neutral pH [2] . This makes it less soluble at the injection site, resulting in precipitation of insulin in subcutaneous tissue which forms a depot from which insulin is slowly released. The slow absorption results in very little peak activity and a duration of action of 22+4 hours [9] . Insulin detemir has a covalently bound C14 fatty acid chain and removal of an amino acid from the original insulin structure [10] . Compared with glargine, detemir has a shorter time-action profile and may be used as once or twice daily dosing. In contrast, neutral protamine Hagedorn (NPH) insulin reaches a peak between 4-8 hours after injection and then falls off rapidly and has a duration of action between 12-14 hours [2] .
The longer duration of action of the basal analogues provide a better coverage during the between meal (basal) period [10] . The minimal/absent peak activity seen with these analogues, their slow and continuous absorption into systemic circulation and prolonged duration of action, compared to NPH, are more similar to that of endogenous basal insulin and are associated with lower incidence of hypoglycaemia [2, 10] . In randomized control trials in both type 1 and 2 diabetics, there were marginal or no differences in reduction in HbA1c between the analogues and the NPH insulin group [11, 12] . However, there appear to be benefits in terms of reduced episodes of hypoglycemia, and also reduced inter-and intra-individual variability and small benefits in fasting blood glucose [10, 12] . The smoother profiles of basal insulin analogues and absence of a pronounced peak has the potential to allow larger doses than NPH insulin which would lead to improved fasting glycemic control, without an increased risk of nocturnal hypoglycemia [10] . These analogues also cause less weight gain compared to NPH with no significant difference between insulin glargine or detemir [10] .
Insulin degludec (IDeg) is an ultra-long-acting basal insulin analogue with a longer duration of action (measured beyond 42 h) compared with currently available analogues [10, 13] . IDeg has a much lower day-to-day within-subject variability in glucose-lowering effect than insulin glargine and a stable and consistent PK and PD properties that are preserved across various patient populations including children, adolescents, elderly, patients from different race and ethnic backgrounds and those with renal or hepatic impairment [13] . Compared to insulin glargine, it has a lower risk of hypoglycaemia, especially nocturnal hypoglycaemia, and offers the potential for a more flexible dosing interval and a simpler titration algorithm [13] . All these could lead to improved patient compliance and an overall better glycaemic control.
Biosimilar insulins "A biosimilar medicinal product is a 'copy version' of an already authorized biological medicinal product (the reference product) with demonstrated similarity in physicochemical characteristics, efficacy and safety, based on a comprehensive comparability exercise" [14] . Biosimilars will also display a certain degree of variability ('microheterogeneity') to the reference biological product as the biological systems used in the manufacturing process are different [14] . Therefore, unlike generics, the biosimilars are not identical to the reference product. The comparatively reduced cost when compared to the reference products, and their "similar" therapeutic efficacy, makes biosimilars an attractive therapeutic option [14] .
Biosimilar insulins (BIs) are available for clinical use and clinicians should be mindful that they are not identical to the reference product and hence not interchangeable [15] . The use of BIs is challenging because of the complex structure and a narrow therapeutic window of insulin [15] . It is also important to note that the dosing accuracy of BIs depends on the formulation of the product and quality of the administration device [15] .
Incretin mimetics and incretin enhancers
The incretin hormones, glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP), are intestinal peptide hormones released in response to ingestion of meals.
GLP-1 acts on GLP-1 receptors on the -cells of pancreas and stimulate insulin secretion in a glucose dependent manner, which is known as the "incretin effect". In healthy subjects the incretin effect accounts for up to 70% of the insulin secreted in response to glucose ingestion [16] . The incretin effect is reduced in those with type 2 diabetes mellitus (T2DM) [17] . GLP-1 also reduce glucagon secretion, slows gastric emptying and, by acting on brain GLP-1 receptors, reduces appetite and induce early satiety [16] . GLP-1 is rapidly inactivated by dipeptidyl peptidase IV (DPP-4) [16] . DPP-4 is an ectoenzyme located on the luminal side of capillary endothelial cells that metabolizes incretins such as GLP-1 [16] . This makes natural GLP-1 useless as a therapeutic agent. Therapeutic agents, therefore, act by enhancing the activity of endogenous GLP-1 by reducing its breakdown by DDP-4 enzyme (incretin enhancer e.g. sitagliptin) or by acting as longer acting agonists of GLP-1 receptors (incretin mimetics, e.g. exenatide). Both these modalities also cause significant and clinically relevant improvement in glycemic control with regard to fasting plasma glucose, postprandial glucose, and HbA1C [16] . Improvements in glucose control can be achieved with minimal risk of hypoglycemia even when combined with metformin or thiazolidinedione but when combined with sulfonylureas, the risk of hypoglycemia appears to be similar to that of sulfonylureas alone [16] .
Incretin based therapies have the added advantage of either preventing weight gain or being weight neutral [16, 17] . This is useful in T2DM which is usually associated with obesity, which contributes to peripheral insulin resistance.
Incretin mimetics: Glucagon-like peptide-1 (GLP-1) receptor agonists e.g. exenatide, liraglutide, albiglutide, dulaglutide
Exenatide and liraglutide have the physiological and pharmacological properties of GLP-1 but are not metabolized by DPP-4 [16] . Therefore, they are able to interact with GLP-1 receptors and mimic all aspects of the antidiabetic activity of GLP-1, with an action that lasts for a longer duration than that of native GLP-1 [16] . They are approved for use as monotherapy and as adjunctive therapy for patients with T2DM not achieving glycemic targets with other drugs [8] . Given as weekly subcutaneous injections, incretin mimetics have the advantage of not promoting weight gain, which is seen with sulfonylureas and insulins [16] .
NICE has recommended that treatment with standard release exenatide should be continued only if HbA1c is reduced by at least 1% and a weight loss of at least 3% is achieved within 6 months of starting treatment [8] .
Incretin enhancers: Dipeptidylpeptidase-4 inhibitors (Gliptins) e.g. sitagliptin, vildagliptin, linagliptin
Gliptins act by inhibiting DDP-4 and thereby promoting a longer duration of action of GLP-1 which results in an increased insulin secretion [16, 17] . They also lower glucagon secretion [16, 17] but have no effect on gastric emptying [16] . Given orally, they are indicated for T2DM as monotherapy when metformin is contraindicated, as dual therapy in combination with either metformin, pioglitazone, a sulfonylurea, or insulin (when treatment with these drugs alone fails to achieve adequate glycaemic control), or as triple therapy in combination with metformin and either pioglitazone or insulin [8] .
Since gliptins have no insulinotropic activity at lower glucose concentrations, the risk of hypoglycemia is low [16] . The dose of concomitant insulin or drugs that stimulate insulin secretion may need to be reduced to prevent hypoglycaemia [17] . DPP-4 inhibitors are weight neutral [16] .
Incretin mimetics and enhancers have been shown to be associated with beneficial effects on cardiovascular risk factors such as weight loss, decrease in blood pressure and changes in lipid profile [16] . An increased risk of acute pancreatitis is a reported rare side effect of gliptins but at present, a definite causal relationship has not been found [18, 19] . However, patients should be educated about signs and symptoms of pancreatitis such as the development of severe, persistent abdominal pain and advised to seek medical advice if they develop such symptoms [8] . Permanent discontinuation of treatment is recommended if pancreatitis occurs [8] .
Sodium glucose co-transporter 2 (SGLT-2) inhibitors (Gliflozins) e.g. canagliflozin, dapagliflozin
The adult kidney filters approximately 180g of glucose per day. Almost all of this filtered glucose is reabsorbed by the sodium glucose cotransporter (SGLT) proteins -SGKT-1 and SGLT-2 in the proximal convoluted tubule [20] . Despite elevated plasma glucose in T2DM, the kidneys continue this glucose reabsorption. SGLT-2 is a low-affinity, high-capacity transporter found exclusively in the proximal renal tubule. It is responsible for the reabsorption of 90% of glucose filtered by the kidney [20] .
SGLT-2 inhibitors act by reversible inhibition of this SGLT-2 cotransporter to reduce glucose reabsorption and increase urinary glucose excretion (UGE) [20, 21] . This results in a reduction of hyperglycaemia without inducing hypoglycaemia [20] . SGLT-2 inhibitors promote weight loss by increased glycosuria and exert a modest diuretic effect due to osmotic diuresis [20] with blood pressure reduction [21] . Due to their mechanism of action, the level of hyperglycaemia and the state of renal function will directly affect the efficacy of SGLT-2 inhibitors [21] .
The primary action of SGLT-2 inhibitors is independent of insulin, but secondary indirect effects on insulin secretion and action may occur due to reduced glucose toxicity [20] . They have an excellent oral bioavailability, a long elimination half-life which allows for once-daily administration, a low accumulation index, no active metabolites and a limited renal excretion [21] . These agents have a negligible risk of drug-drug interactions [20] and are given orally, preferably before breakfast [8] .
SGLT-2 inhibitors may be used as monotherapy in diet treated patients if metformin is inappropriate [8, 21] or in combination with any other glucose lowering agents in those with T2DM [8, 20, 21] . Despite the low risk of hypoglycaemia, the dose of concomitant insulin or other insulin secretogogues may need to be reduced when given with SGLT-2 inhibitors [8, 21] . The class lowers HbA1c by about 0.5% to 1% and is potentially useful for patients with an HbA1c <9% [20] .
Increased urinary excretion of glucose by SGLT-2 inhibitors may lead to urinary tract infections and genital mycotic infections [20] . With increasing use, newer side effects have been identified, and serious and potentially life-threatening cases of diabetic ketoacidosis (DKA) have been reported in patients taking the SGLT2 inhibitor canagliflozin for T2DM [8] . To minimise the risk of such effects when treating patients with a SGLT-2 inhibitor, the European Medicines Agency has issued the following advice [8]:
1. Test for raised ketones in patients presenting with symptoms of DKA, even if plasma glucose levels are near-normal; omitting this test could delay diagnosis of DKA. 2. Discontinue treatment if DKA is suspected. 3. If DKA is confirmed, take appropriate measures to correct the DKA and monitor glucose levels. 4 . Patients should be advised on how to recognize the signs and symptoms of DKA and to seek prompt medical attention if symptoms of DKA develop.
Place of newer antidiabetics in therapy
Optimal drug therapy for diabetes mellitus would depend on [22, 23] • the effectiveness of the drug treatment in terms of metabolic response • safety and tolerability of the drug treatment • the person's individual clinical circumstances, for example, comorbidities, risks from polypharmacy • the person's individual preferences and needs -for example, side effects, ease of administration • the licensed indications or combinations available • cost and availability, especially in the state sector Selection of appropriate medicines should therefore be individualized and "patient centered". The threshold targets that needs to be achieved, should be decided upon by the physician in consultation with the patient to ensure optimum outcomes.
All FDA-approved medicines for treating hyperglycemia in type 2 diabetes mellitus lower HbA1c levels by 0.6%to 1.5%. Despite the availability of newer antidiabetics as treatment options, metformin remains the drug of choice for type 2 diabetes mellitus, unless there are compelling contraindications for its use [22, 23] . This is based its glucose-lowering efficacy, safety profile, weight neutrality, and reasonable cost. Combination therapy is recommended to achieve glycaemic targets when required or as initial therapy if the blood glucose values are very high.
When metformin alone is inadequate in achieving control, any of the other agents, including basal insulin, may be added to obtain the desired control [22] . Adding a second agent should not be delayed until the patient's glycaemic control has deteriorated. The best blood glucose reduction, assessed with HbA1c, is seen with basal insulins, metformin and sulfonylureas [22, 23] . The newer additions, despite a better adverse effect profile, do not offer a greater advantage than the older agents with regard to glycaemic control [8, 20, 25] . In the absence of a clear advantage in respect to glycaemic control, the selection would depend on the cost, side effect profile and patient preferences. The addition of any oral glucose-lowering agents in people with type 2 diabetes mellitus and inadequate glycaemic control despite being on insulin therapy, has positive effects on glycaemic control and insulin requirements [24] .
Insulin is the mainstay treatment for those with type 1 diabetes mellitus. Both prandial and basal insulins are required to achieve optimal glycaemic control. Education regarding matching prandial insulin doses to carbohydrate intake, pre-meal glucose levels, and anticipated activity should be considered when planning insulin regimens for those with type 1 diabetes mellitus. The glycaemic control achieved is comparable between regular (soluble) insulin and the newer rapid acting analogues [3, 26] and between NPH insulin and the newer long acting analogues [11, 12] .
The recommendation that most individuals with type 1 diabetes mellitus should use rapid-acting insulin analogs to reduce hypoglycemia risk [22] , should be weighed against the cost and the lack of a significant difference in terms of glycaemic control [3, 26] when compared with regular (soluble) insulin, which is cheaper.
Conclusions
Despite a vast array of medicines available to treat diabetes mellitus, glycaemic control remains suboptimal in a significant number of diabetic patients. Side effects such as weight gain and hypoglycaemia limit the use of most of the older insulins and sulfonylureas. It is in this background that insulin analogues and drugs such as incretin mimetics and enhancers and gliflozins appear as attractive options. However, compared to the older insulins, metformin and sulfonylureas, these do not offer a greater advantage in therapeutic efficacy and are recommended to be used when older antidiabetic medicines are not tolerated or as add on therapy for better glycaemic control. Ease of administration and patient satisfaction should be weighed against the higher cost of these drugs. Experience with most of the newer drugs is short. With wider use, more evidence enabling systematic reviews and cost analysis will inform the role of these newer antidiabetic drugs in day to day clinical practice. The key to successful treatment of diabetes mellitus remains in individualizing therapy to suite the patient's needs.
